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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
adjusting the temperature property of a surface acoustic 
wave (SAW) device which is appropriate to the 
temperature property of a cubic function of an SAW 
device employing an in-plane rotated ST cut quartz 
crystal plate. 

SOLUTION: The method employs an in-plane rotated ST 
cut quartz crystal plate having Euler angles of (0° ,113- 
135° , ±(40-49° )). The range of the Euler angles is 
set within ranges of hatching portions 4, 5 so that the 
temperature property of the SAW device employing an 
in-plane rotated ST cut quartz crystal plate having the 
temperature property of a cubic function may have an 
extreme value within the temperature range -40 to 
+85° C. By using the ranges of the hatchings 4, 5, the 
temperature property is rotted about an inflection point 
to perform adjustment so that the frequency fluctuation 
range within the operational temperature range is 
minimized. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The temperature characteristic adjustment method of the surface acoustic-wave 
equipment characterized by rotating the temperature characteristic of the 
surface-acoustic wave equipment using the aforementioned rotation ST cut quartz plate 
within a field which an Eulerian angle is the temperature characteristic adjustment method 
of the surface acoustic-wave equipment using the rotation ST cut quartz plate within a field 
in (0 degree, 113-135 degrees, ** (40 49 degrees)), and has the temperature characteristic of 
the 3rd function to the circumference of point of inflection, and adjusting the temperature 
characteristic. 

[Claim 2] It is the temperature characteristic adjustment method of the surface acoustic-wave 
equipment using the rotation ST cut quartz plate within a field which has an Eulerian angle 
in (0 degree, 113-135 degrees, ** (40 49 degrees)). The range of the aforementioned Eulerian 
angle is set up so that the temperature characteristic of the surface -acoustic -wave equipment 
using the aforementioned rotation ST cut quartz plate within a field which has the 
temperature characteristic of the 3rd function may have extremal value. The temperature 
characteristic adjustment method of the surface-acoustic-wave equipment according to claim 
1 characterized by rotating the temperature characteristic to the circumference of point of 
inflection, and adjusting change of the temperature characteristic in operating temperature 
limits to the minimum. 

[Claim 3] It is the temperature characteristic adjustment method of the surface acoustic-wave 
equipment according to claim 1 or 2 characterized by psi being a range settled in 
psi=0.3295theta+3.3318 degree**l. 125 degree when the aforementioned Eulerian angle is set 
to 0 degree, and (theta, psi). 

[Claim 4] The temperature characteristic adjustment method of the surface acoustic- wave 
equipment according to claim 1 to 3 characterized by being theta= 125*128 degrees and eta 
(electrode width of face / electrode pitch) being 0.3 0.6 when the aforementioned Eulerian 
angle is set to 0 degree, and (theta, psi). 

[Claim 5] The temperature characteristic adjustment method of the surface acoustic- wave 
equipment according to claim 1 to 4 characterized by changing the temperature characteristic 
of the circumference of point of inflection by adjusting the amount of electrode layer thick in 
the aforementioned surface-acoustic-wave equipment. 

[Claim 6] The temperature characteristic adjustment method of the surface -acoustic- wave 
equipment according to claim 1 to 4 characterized by changing the temperature characteristic 
of the circumference of point of inflection by performing rotation within a field to the 
circumference of Z' shaft of crystal. 

[Claim 7] The temperature characteristic adjustment method of the surface acoustic- wave 
equipment according to claim 1 to 4 characterized by changing the temperature characteristic 
of the circumference of point of inflection by changing eta (electrode width of face / electrode 
pitch) in the electrode in the aforementioned surface acoustic- wave equipment. 
[Claim 8] Surface acoustic- wave equipment characterized by being manufactured by the 
temperature characteristic adjustment method of surface acoustic-wave equipment according 
to claim 1 to 7. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the temperature 
characteristic adjustment method of surface -acoustic- wave equipment and 
surface-acoustic-wave equipment which used the field internal version ST cut quartz plate. 
[0002] 

[Description of the Prior Art] Conventionally the temperature characteristic (frequency- drift 
property over a temperature change) of the piezoelectric transducer using crystal has what is 
expressed with a secondary function like a tuning fork vibrator and surface acoustic wave 
equipment, and the thing expressed with the 3rd function like AT vibrator. In the 
temperature characteristic in this piezoelectric transducer, the temperature characteristic of 
vibrator is adjusted so that the strange mechanical-moment width of face of frequency may 
become the minimum focusing on 25 degrees C which is usually a service temperature by 
operating temperature limits (-40 +85 degrees C). Usually in the piezoelectric transducer 
whose temperature characteristic is a secondary function, if it adjusts so that the peak 
temperature (temperature which gives the extremal value of frequency) of the temperature 
characteristic of the piezoelectric transducer concerned may be located at the center of 
operating temperature limits, the strange mechanical-moment width of face of frequency will 
serve as the minimum. In addition, in vibrator with the temperature characteristic of the 
conventional secondary function, the range of peak temperature is per 50 degrees C from 0 
degree C. 

[0003] In the ATcut vibrator whose temperature characteristic is the 3rd function on the 
other hand, since [ of operating temperature limits ] it is mostly located in the center, 
frequency-drift width of face [ in / operating temperature limits / in point-of inflection 
temperature ] is very small. 

[0004] By the way, with the surface -acoustic -wave equipment represented by a SAW resonator 
and the SAW filter, the quartz plate (a field internal-version ST cut quartz plate is called 
hereafter) which carried out the field internal version of the ST cut quartz plate to the 
circumference of Z' shaft may be used from the purpose which reduces the frequency change 
by the temperature change. And the surface-acoustic-wave equipment using the field 
internal-version ST cut quartz plate is also considered from the former for the temperature 
characteristic to be a secondary function with it being the same as that of the 
surface acoustic wave equipment using the conventional ST cut quartz plate, the peak 
temperature of the surface-acoustic- wave equipment which used the field internal-version ST 
cut quartz plate for the center of operating temperature limits is made in agreement, and it 
was made to stop the strange mechanical-moment width of face of the frequency to a 
temperature change to the minimum. 
[0005] 

[Problem(s) to be Solved by the Invention] The temperature characteristic of the 
surface acoustic wave equipment using the field internal-version ST cut quartz plate was 
considered to be a secondary function from the former as above-mentioned. However, when 
the invention- in- this- application person verified anew, it became clear that it is the 3rd 
function which has point of inflection in nearly 110 degrees C in practice. In order not to 
usually perform exceeding 110 degrees C greatly and measuring the temperature 
characteristic, it was not checked until now that the temperature characteristic of the 
surface acoustic wave equipment using the field internal-version ST cut quartz plate is the 



3rd function. Therefore, since it was carrying out as a secondary function when it was going to 
adjust the temperature characteristic of the surface acoustic- wave equipment using this field 
internal-version ST cut quartz plate, it had not become what optimized the frequency strange 
mechanical-moment width of face in operating temperature limits. 

[0006] And the problem that the temperature characteristic of the surface-acoustic-wave 
equipment using the field internal-version ST cut quartz plate could not fully demonstrate 
the temperature characteristic of surface-acoustic-wave equipment which used the field 
internal-version ST cut quartz plate by the old adjustment method not from the secondary 
function but from it having been the 3rd function in practice occurred. 

[0007] this invention aims at offering the temperature characteristic adjustment method of 
surface-acoustic-wave equipment and surface-acoustic-wave equipment which suited the 
temperature characteristic of the 3rd function which the surface acoustic-wave equipment 
using the field internal-version ST cut quartz plate has paying attention to the 
above-mentioned conventional trouble. 
[0008] 

[Means for Solving the Problem] The temperature characteristic of surface acoustic wave 
equipment which used the field internal-version ST cut quartz plate is conventionally 
considered to be a secondary function, and although it was adjusted so that peak temperature 
might be located at the center of operating temperature limits, since it was the 3rd function in 
practice, this invention will be made based on the knowledge of becoming possible to reduce 
the amount of frequency change further, if peak temperature is shifted from the center of 
operating temperature limits. 

[0009] That is, an Eulerian angle is the temperature characteristic adjustment method of the 
surface acoustic wave equipment using the field internal-version ST cut quartz plate in (0 
degree, 113-135 degrees, ** (40 49 degrees)), and it was presupposed to the temperature 
characteristic adjustment method of the surface acoustic wave equipment concerning this 
invention that the temperature characteristic of the surface -acoustic- wave equipment using 
the aforementioned field internal version ST cut quartz plate which has the temperature 
characteristic of the 3rd function is rotated to the circumference of point of inflection, and the 
temperature characteristic is adjusted. And we decided to set up the range of the 
aforementioned Eulerian angle so that the temperature characteristic of the elastic surface 
equipment using the aforementioned field internal version ST cut quartz plate may have 
extremal value, to rotate the temperature characteristic to the circumference of point of 
inflection, and to adjust the strange mechanical-moment width of face of the temperature 
characteristic in operating temperature limits to the minimum. 

[0010] And when the aforementioned Eulerian angle is set to 0 degree, and (theta, psi), psi is 
taken as the range expressed with psi=0.3295theta+3.3318 degree**!. 125 degree. When an 
Eulerian angle is especially set to 0 degree, and (theta, psi), it is theta= 125- 128 degrees, and 
it is desirable to set eta (electrode width of face / electrode pitch) to 0.3 0.6. 
[0011] What is necessary is just to carry out by carrying out by adjusting the electrode 
thickness in surface -acoustic wave equipment, or adjusting the amount of field internal 
version of the circumference of the aforementioned Z' shaft, in order to change the 
temperature characteristic of the circumference of the point of inflection mentioned above. 
Moreover, it can also carry out by changing eta (electrode width of face / electrode pitch) in the 
electrode in the aforementioned surface-acoustic-wave equipment. Moreover, the 
surface acoustic-wave equipment concerning this invention should just be manufactured by 
the temperature characteristic adjustment method of the surface acoustic wave equipment 
mentioned above. 

[0012] Thus, it is checked that the surface acoustic wave equipment using the field 
internal-version ST cut quartz plate which has an Eulerian angle in (0 degree, 113-135 
degrees, ** (40 49 degrees)) has the temperature characteristic of the 3rd function by 
examination of an artificer. And if the range of the aforementioned Eulerian angle which has 
extremal value in the temperature characteristic of the 3rd aforementioned function is 
selected within the limits of (0 degree, 113- 135 degrees, ** (40 49 degrees)) and the 
temperature characteristic is rotated to the circumference of the 3rd point of inflection of a 
function within the limits of this, the strange mechanical-moment width of face of the 
temperature characteristic (namely, frequency drift) in operating temperature limits can be 



set as the minimum. Even if influence includes dispersion in the temperature characteristic 
by the process error it is large without error so that it will become a RF if eta (electrode width 
of face / electrode pitch) is set to 0.3*0.6 while carrying out theta= 125- 128 degrees theta of an 
Eulerian angle especially the strange mechanical-moment width of face of the frequency in a 
-40-+85 degree C temperature requirement can be stopped small. And in order to fluctuate 
the temperature characteristic to the circumference of point of inflection, to adjust the 
amount of field internal version of the circumference of Z' shaft, or what is necessary is just 
made to make a change of the thickness of an electrode, or width of face formed in a front face. 
[0013] In addition, since verification is made by examination of an artificer as shown in a 
claim 3, the range of the aforementioned Eulerian angle which has extremal value in the 
temperature characteristic of the 3rd function should just adjust the amount of field internal 
version etc. by using within the limits of this as a target. 
[0014] 

[Embodiments of the Invention] The concrete operation gestalt of the temperature 
characteristic adjustment method of the surface acoustic wave equipment concerning this 
invention and surface-acoustic-wave equipment is explained to it in detail, referring to a 
drawing to below. With the surface-acoustic-wave equipment using crystal, although the 
temperature characteristic of a secondary function is common, if a field internal-version ST 
cut quartz plate is used, surface acoustic wave equipment with the temperature 
characteristic of the 3rd function is realizable. And with surface acoustic wave equipment 
with the temperature characteristic of this 3rd function, surface-acoustic-wave equipment 
with the small strange mechanical-moment width of face of the frequency to a temperature 
change can be offered by pointofinflection temperature being located in a temperature field 
higher than an anticipated use temperature requirement, making the temperature 
characteristic near the maximal value of the temperature characteristic of the 3rd function 
operating temperature limits, and adjusting the temperature characteristic. 
[0015] For example, when starting a piezoelectric transducer from crystal, the temperature 
characteristic is changed by the direction of a cut. Although the crystallographic axis of 
crystal is defined by an electrical axis (X-axis), a machine shaft (Y-axis), and the optical axis 
(Z axis) as shown in drawing 1 What is called ST cut is started in accordance with the new 
axis of coordinates (X, Y 1 , Z') of the quartz plate 1 from which an Eulerian angle (phi, theta, 
psi) rotates theta= 113- 135 degrees of crystal Z discs 2 of (0 degree, 0 degree, 0 degree) to the 
circumference of an electrical axis (X-axis), and is obtained. Further, psi=**(40-49) ** rotation, 
it carries out and the piezoelectric transducer produced so that the propagation of a surface 
acoustic wave might turn into this direction is said to the circumference of Z' shaft of this ST 
cut quartz plate 1 as field internal-version ST cut surface-acoustic-wave equipment 3. And it 
was known that this field internal version ST cut surfaeeacoustic-wave equipment 3 has the 
very good temperature characteristic, and since the temperature characteristic was a kind of 
ST cut, it was considered to be the temperature characteristic of a secondary function. 
However, when the artificer inquired, it became clear that it is the temperature characteristic 
of the 3rd function which has the point of inflection of the temperature characteristic in 
nearly 110 degrees C in practice. In order not to usually perform exceeding 110 degrees C 
greatly and measuring the temperature characteristic, it was not checked until now that the 
temperature characteristic of the surface acoustic -wave equipment using the field 
internal-version ST cut quartz plate is the 3rd function. Therefore, since it was carrying out 
as a secondary function when it was going to adjust the temperature characteristic of the 
surface acoustic-wave equipment using this field internal-version ST cut quartz plate, it had 
not become what optimized the frequency strange mechanical-moment width of face in 
operating temperature limits. 

[0016] The knowledge that field internal- version ST cut surface acoustic wave equipment is 
the temperature characteristic of the 3rd function is acquired, and the maximal value or 
minimal value temperature located in operating temperature limits is made into peak 
temperature, and it constitutes from this operation gestalt so that the temperature 
characteristic may be rotated to the circumference of the point of inflection located out of 
operating temperature limits by adjustment of a primary coefficient term and the 
aforementioned peak temperature may be adjusted to the optimum value of operating 
temperature limits. Specifically, this sets up the quartz plate which only psi=**(4049) ** 



made carry out the field internal version of the ST cut quartz plate which is made to rotate 
theta= 113-135 degrees of quartz plates to the circumference of an electrical axis (X-axis), and 
is obtained to the circumference of Z' shaft further. And it is [ aforementioned ] within the 
limits, and the range which has extremal value in the operating temperature limits whose 
temperature characteristic is -40 +85 degrees C further is selected, the temperature which 
gives the maximal value or the minimal value of the temperature characteristic by adjusting 
a field internal-version angle by within the limits with this extremal value is adjusted to the 
optimum value of operating temperature limits, and the temperature characteristic is 
adjusted. 

[0017] The pointofinflection temperature of the temperature characteristic of field 
internal-version ST cut surface acoustic -wave equipment is about 110 degrees C, and the field 
where they have the maximal value located in a low temperature field from point of inflection 
among the temperature characteristic curves of the 3rd function since operating temperature 
limits are -40 +85 degrees C of low temperature fields from it is used as now shown in 
drawing 2 (portion enclosed with having been square in drawing 2 ). Since it is difficult to 
move in point of inflection in the case of the temperature characteristic of the 3rd function, a 
primary coefficient term is adjusted and a temperature characteristic curve is rotated to the 
circumference of point of inflection. This adjusts the maximal value of the temperature 
characteristic curve in operating temperature limits so that it may be from the center of 
operating temperature limits on a low temperature side. The solid line shown in drawing 2 is 
the conventional adjustment method that the maximal value PI of a temperature 
characteristic curve was located in the center of operating temperature limits Tz, and this 
made the temperature characteristic the secondary function. If it adjusts to a temperature 
characteristic curve as made rotate this temperature characteristic curve to the 
circumference of point of inflection and newly shown with the dashed line, maximal value 
temperature can move to P2 from PI, and can make the minimum frequency strange 
mechanical-moment width of face in operating temperature limits. 

[0018] Field internal-version ST cut surface-acoustic-wave equipment produces ST cut crystal 
wafer first, gives the degree psi of field interior angle using the orienteering flat, and carries 
out exposure formation of a reflector and the blind-like electrode to each vibrator field at this. 
By carrying out degree adjustment of the above-mentioned degree of field interior angle 
ps i=**(40-49) **, the practical tuning of the temperature characteristic of this 3rd function 
changes the propagation of a surface acoustic wave, and performs it. Since the relation 
between change of psi and change of the primary coefficient term of the temperature 
characteristic of the 3rd function is understood beforehand, the adjustment direction and the 
amount of adjustments can be predicted to some extent. Therefore, field internal-version ST 
cut surface acoustic-wave equipment is created, and it asks for the temperature characteristic, 
the rotation of a temperature characteristic curve is calculated so that the maximal value (or 
minimal value) may be located in a low temperature side (or elevated-temperature side) from 
the center of operating temperature limits by the operating temperature limits by the design 
specification, and psi corresponding to this rotation is computed. And the orienteering flat 
corresponding to this field internal-version angle psi is set up within the degree of ** (40 49), 
and a reflector and a blind-like electrode are formed. The field internal-version ST cut 
surfaceacoustic-wave equipment which makes the minimum frequency strange 
mechanical-moment width of face in operating temperature limits by this can be obtained. 
[0019] Drawing 3 is a graph which shows the range which can find easily the temperature 
characteristic curve on which an Eulerian angle has extremal value in the field 
internal-version ST cut quartz plate in (0 degree, 113-135 degrees, ** (40-49 degrees)). The 
artificer repeated various examination here and the range of theta and psi which can find 
easily the temperature characteristic curve on which transversal type surface acoustic-wave 
equipment has extremal value (maximal value or minimal value) by the -40-+85 degree C 
temperature requirement was found out in the range of this graph which has the temperature 
characteristic of the 3rd function. This range is shown in the hatching section 5 in this graph. 
On the other hand, the hatching section 4 in this graph is a range which has the hatching 
section 5 out of range among the ranges of theta and psi which can find easily the 
temperature characteristic curve on which a temperature characteristic curve has extremal 
value (maximal value or minimal value) by the above-mentioned temperature requirement in 



resonator type surface acoustic- wave equipment, and the value of psi is small as compared 
with the field of the part hatching 5 in which the electrode is formed. And the field with which 
the hatching section 4 and the hatching section 5 in this graph were doubled is defined by the 
following formula. 
[Equation l] 

tf=0, 3 2 9 5(9 + 3. 3318° ±1. 125 

[0020] And what is necessary is to be able to find the frequency temperature characteristic 
curve which has extremal value (maximal value and minimal value) easily in the field shown 
in the hatching section 4 and the hatching section 5 by making the field internal version 
perform to the circumference of Z' shaft, to rotate a temperature characteristic curve to the 
circumference of point of inflection further, and just to adjust the strange mechanical-moment 
width of face of the frequency in operating temperature limits to the minimum. 
[0021] In the border area of the above-mentioned hatching section 4 and the hatching section 
5, the artificer verified the temperature characteristic and checked, respectively about the 
justification of the range of the aforementioned hatching section 4 and the hatching section 5. 
Moreover, with the gestalt of this operation, it is defined as a thing including a transversal 
type SAW filter and the both sides of a resonator type SAW device (a SAW resonator and 
resonator type SAW filter is included) with field internal-version ST cut crystal 
surface-acoustic-wave equipment. 

[0022] Drawing 9 - drawing 12 are the graphs which verified the existence of the extremal 
value of the 3rd function in the transversal type SAW filter using the field internal-version ST 
cut quartz plate which has an Eulerian angle in (0 degree, 113- 135 degrees, ** (40-49 
degrees)). The range of theta and psi which can find easily the temperature characteristic in 
which the surface acoustic wave equipment of a transversal type SAW filter has extremal 
value (maximal value or minimal value) by the -40 +85-degree C temperature requirement 
from these drawings was found out. The range is the hatching section 5 of drawing 3 , and is 
defined by the following formula. 
[Equation 2] 



[0023] By the way the artificer did not stop only at the temperature characteristic of a 
transversal type SAW filter, but repeated examination also about the temperature 
characteristic of a resonator type SAW device further, and found out various regularity. That 
is, the transversal type SAW filter serves as a gestalt arranged with the interval which has 
the IDT electrode (sinking comb electrode) of an origination side, and the IDT electrode of a 
receiving side in the front face of the crystal substrate used as piezoelectric material. Since 
nothing is formed in IDT inter-electrode in such an SAW filter, change of the temperature 
characteristic of frequency is small by elements, such as width of face of an electrode, and 
thickness, (even if it changes the configuration of an electrode, the temperature characteristic 
seldom changes). On the other hand, in a resonator type SAW device, an IDT electrode is 
formed in the front face of the crystal substrate used as piezoelectric material, it has become 
the gestalt in which the reflector electrode was formed so that this IDT electrode may be 
pinched, and the temperature characteristic changes with elements, such as width of face of 
this IDT electrode, and thickness. 

[0024] Drawing 4 is the graph which verified the existence of extremal value in the 
-40-+85-degree C temperature requirement about the temperature characteristic of the 3rd 
function in the resonator type SAW device using the field internal-version ST cut quartz plate 
which has an Eulerian angle in (0 degree, 123 degrees, ** (40-49 degrees)). As shown in this 
graph, on the conditions which made the field internal-version angle psi smaller than the 
range of the hatching section 4 in drawing 3 , it turns out that it does not have extremal value 
in the temperature characteristic in a -40 +85-degree C temperature requirement. Moreover, 
although it is shown that the graph of drawing 4 has extremal value also on the conditions 
which made psi larger than the range of the hatching section 4 of drawing 3 , it is also shown 
that it is within the limits of the hatching section 5 simultaneously. 

[0025] Even when drawing 4 and drawing 10 have same theta among Eulerian angles (0 
degree, theta, psi), it is shown that psi which gives a similar temperature characteristic curve 



by the existence of an electrode differs. For example, if psi used as the boundary which has 
extremal value is seen, in drawing 10 , it is small once with psi= 42.7 degrees to being psi= 
43.7 degrees at drawing 4 . When there is an electrode, it becomes namely, less easy [ it ] only 
within the limits of psi defined by the hatching section 5 of drawing 3 to find the temperature 
characteristic which has extremal value (maximal value or minimal value) by the 
-40 +85 degree C temperature requirement. Then, if the range (this is the hatching section 4) 
which extended psi of the range of the hatching section 5 of drawing 3 to the once smaller one, 
and the range with which the hatching section 5 was doubled are defined, it will become 
possible to find easily the temperature characteristic which has extremal value (maximal 
value or minimal value) in the existence of an electrode by ****** and the -40+85-degree C 
temperature requirement. And the range with which the hatching section 4 and the hatching 
section 5 were doubled is defined by the formula 1. 

[0026] The temperature characteristic of the resonator type SAW device in an Eulerian angle 
(0 degree, 117 degrees, psi), (0 degree, 129 degrees, psi), and (0 degree, 135 degrees, psi) is 
shown in drawing 5 or drawing 7 , and drawing 8 . Although it becomes less easier [ it ] only 
within the limits of psi defined by the hatching section 5 of drawing 3 than these drawings to 
find the temperature characteristic which has extremal value (maximal value or minimal 
value) by the -40-+85 degree C temperature requirement, if it is within the limits which 
doubled the hatching section 4 and the hatching section 5, it will become possible to find 
easily the temperature characteristic which has extremal value (maximal value or minimal 
value) by the -40 +85-degree C temperature requirement. 

[0027] Thus, in the range of an Eulerian angle mentioned above, if the range of a cut angle 
which has extremal value in the temperature requirement whose temperature characteristic 
is -40 +85 degrees C is grasped, the frequency strange mechanical-moment width of face in 
the operating temperature limits of surface acoustic -wave equipment can be stopped to the 
minimum. That is, in the resonator type SAW device included in the hatching section 4 of 
drawing 3 , as shown in drawing 13 (l), although it is made mostly in agreement with central 
temperature (25 degrees C), since [ of operating temperature limits (-40-+85 degrees C) ] the 
temperature characteristic of frequency is shown by the 3rd function in this drawing (l), the 
amount of frequency drifts on the basis of peak temperature is right and left, and does not 
become equal about peak temperature. It is required to make it shift peak temperature to a 
low temperature side to suppress change of the temperature characteristic shown with the 
3rd function, and to make equal the amount of change of the frequency by the side of an 
elevated temperature and low temperature on the basis of peak temperature. 
[0028] Drawing 13 (l) shows the temperature characteristic of the resonator type SAW device 
in which an Eulerian angle has the field internal-version ST cut quartz plate of (0 degree, 123 
degrees, 43 degrees), and can make small frequency strange mechanical-moment width of face 
to 71 ppm as compared with the case where it is the usual ST cut whose Eulerian angles 
shown in drawing 14 are (0 degree, 123 degrees, 0 degree). However, the peak temperature of 
this resonator type SAW device is 25 degrees C of operating temperature limits which is a 
center mostly. By performing adjustment which moves this peak temperature, frequency 
strange mechanical-moment width of face in operating temperature limits can be made small 
more. What is necessary is for that purpose, just to shift peak temperature at a low 
temperature side in illustration. 

[0029] Since a field internal-version ST cut quartz plate is the temperature characteristic of 
the 3rd function, it can obtain the result same with having moved peak temperature by 
rotating a temperature characteristic curve to the circumference of point of inflection. In 
order to shift peak temperature from the state of this drawing (l) to a low temperature side, 
as it can realize by adjusting the thickness H of an IDT electrode to the 1st and is shown in 
this drawing (2), by thickening electrode thickness H and enlarging thickness ratio H/lambda, 
peak temperature is shifted to a low temperature side, and the temperature characteristic can 
be adjusted. Moreover, it is possible also by changing the temperature characteristic of the 
circumference of point of inflection by adjusting the amount of field internal version to the 
circumference of Z' shaft. It can realize by carrying out angle adjustment of the formation 
direction (the propagation direction of a surface acoustic wave) of an electrode, and this can be 
adjusted by making the field internal-version angle psi of the circumference of Z' shaft into 
psi= 43.0 to psi= 43.1 degrees, as shown in this drawing (3). It can adjust also by furthermore 



changing eta (electrode width of face / electrode pitch) in an IDT electrode, and this 
adjustment result is shown in this drawing (4). It becomes possible to stop further the 
frequency strange mechanical-moment width of face in operating temperature limits by these 
adjustments compared with the conventional temperature characteristic. 

[0030] By the way, in order that an electrode may turn minutely, electrode width of face 
becomes small, and, as for surface -acoustic wave equipment, the manufacture error of 
electrode width of face becomes large relatively as resonance frequency becomes a RE For this 
reason, the amount of change of the value of eta (electrode width of face / electrode pitch) 
which affects the temperature characteristic becomes large, for example, it comes to produce 
the manufacture error whose eta is it about **0.1 that it is about 1GHz. Therefore, if 
resonance frequency serves as a RF to about 1GHz in the case of the surface -acoustic wave 
equipment using the field internal-version ST cut quartz plate 1, it will become difficult for 
the strange mechanical-moment width of face of the frequency in a -40 +85 degree C 
temperature requirement to stabilize for it and make a less than 100 ppm thing. 
[0031] for example, the time of an Eulerian angle setting to (phi, theta, psi) - phi= 0 degree 
and theta= 123 degrees ~ it is - a thickness ratio - in the case of the resonator type SAW 
device using H/lambda =0.05 and the field internal-version ST cut quartz plate 1 of eta= 0.4, it 
is possible to adjust the strange mechanical-moment width of face of the frequency in 
-40 +85-degree C operating temperature limits to about 60 ppm, as shown in drawing 15 
However, it is based on the frequency of 25 degrees C while adjusting so that the optimal 
temperature characteristic may be obtained in psi at angle within the limits of psi called for 
with a formula 1 in the case of drawing 15 . 

[0032] However, if electrode width of face becomes small though it is the same Eulerian angle 
and the same thickness ratio, and set to eta= 0.3, as shown in drawing 16 , frequency strange 
mechanical -moment width of face will exceed 90 ppm. And when electrode width of face 
becomes large and is conversely set to eta= 0.5, even if it is the same Eulerian angle and the 
same thickness ratio, frequency strange mechanical-moment width of face is set to 134 ppm 
as shown in drawing 17 (however, in drawing 17 , the amount of frequency drifts in +85 
degrees C is not indicated). Therefore, the resonator type SAW device to which frequency 
strange mechanical-moment width of face exceeds 100 ppm will be manufactured for 
dispersion on manufacture of electrode width of face though it sets up with eta= 0.4 so that 
frequency strange mechanical-moment width of face may be set to less than 100 ppm. 
[0033] Then, invention in this application persons found out the cut angle of the quartz plate 
from which the field internal version ST cut resonator type SAW device from which the 
frequency strange mechanical-moment width of face in a -40 +85 degree C temperature 
requirement though research and an experiment are repeated wholeheartedly and a 
manufacture error arises to electrode width of face is set to less than 100 ppm is obtained. 
Drawing 18 or drawing 23 investigates the relation between theta of an Eulerian angle, and 
an electrode thickness ratio (H/lambda) and eta. The vertical axis of these drawings expresses 
the maximum of the frequency strange mechanical-moment width of face at the time of 
changing eta **0.1 times. The maximum of this frequency strange mechanical-moment width 
of face expresses the frequency strange mechanical-moment width of face of drawing 17 (eta= 
0.5) from which frequency strange mechanical-moment width of face serves as the maximum 
in theta= 123 degrees of drawing 15 or drawing 17 , H/lambda =0.05, and eta= 0.4**0.1. 
Although not indicated, psi is angle within the limits called for with a formula 1. Moreover, in 
any case, the frequency strange mechanical-moment width of face in a -40-+85- degree C 
temperature requirement is shown on the basis of the frequency in 25 degrees C. 
[0034] Drawing 18 is the case of H/lambda =0.03 and eta= 0.4**0.1. In this case, in the range 
of theta= 123-134 degrees, frequency strange mechanical-moment width of face can be set to 
100 ppm or less. Moreover, drawing 19 is the case of H/lambda =0.03 and eta= 0.5**0.1, and 
can set frequency strange mechanical moment width of face to about 100 ppm or less in 
theta= 125- 131 degrees. 

[0035] Drawing 20 is the case of H/lambda =0.04 and eta= 0.4**0.1. In this case, frequency 
strange mechanical-moment width of face can be set to 100 ppm or less in theta= 124-134 
degrees. And H/lambda shown in drawing 21 = in the case of 0.04 and eta= 0.5**0.1, 
frequency strange mechanical-moment width of face can be set to 100 ppm or less in the range 
of theta= 125-129 degrees. Furthermore, H/lambda shown in drawing 22 = in the case of 0.05 



and eta= 0.4**0.1, frequency strange mechanical-moment width of face can be set to 100 ppm 
or less in the range of theta= 124*134 degrees. Moreover, H/lambda of drawing 23 = in the 
case of 0.05 and eta= 0.5**0.1, in the range of theta= 125- 128 degrees, frequency strange 
mechanical-moment width of face can be set to 100 ppm or less. 

[0036] Therefore, from these results, when it was the range of theta= 125- 128 degrees and eta 
is changed according to a process within the limits of eta= 0.3 or 0.6 at the less than 0.2 
ranges of fluctuation, in a -40-+85-degree C temperature requirement, frequency strange 
mechanical-moment width of face can be set to 100 ppm or less. In the frequency bands (for 
example, 300MHz, 600 etc.MHz, etc.) which are not large, the above-mentioned range does 
not have the relatively effective manufacture error of electrode width of face until it says. 
[0037] 

[Effect of the Invention] As explained above, according to this invention, an Eulerian angle 
(113- 135 degrees 0 degree) It is the temperature characteristic adjustment method of the 
surface-acoustic-wave equipment using the field internal-version ST cut quartz plate in ** 
(40-49 degrees). The range of the aforementioned Eulerian angle is set up so that the 
temperature characteristic of the surface-acoustic-wave equipment using the aforementioned 
field internal-version ST cut quartz plate which has the temperature characteristic of the 3rd 
function may have extremal value. Since it adjusted so that the temperature characteristic 
might be rotated to the circumference of point of inflection and the strange 
mechanical-moment width of face of the frequency in operating temperature limits might 
become the minimum, even if it changes ambient temperature, it becomes possible about 
changing oscillation frequency to stop to the minimum. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing ll It is explanatory drawing of ST cut crystal which carried out the field internal 
version to the circumference of Z' shaft. 

[Drawing 2l It is the temperature characteristic curvilinear view of ST cut 
surface-acoustic-wave equipment which carried out the field internal version to the 
circumference of Z' shaft. 

[Drawing 3l It is the graph which shows the range which can find easily the temperature 
characteristic curve on which an Eulerian angle has extremal value in the field 
internal-version ST cut quartz plate in (0 degree, 113-135 degrees, ** (40 49 degrees)). 
[Drawing 4l An Eulerian angle is the graph which verified the existence of the extremal value 
of the 3rd function in the resonator type SAW device using the field internal-version ST cut 
quartz plate in (0 degree, 113* 135 degrees, ** (40-49 degrees)). 

[Drawing 51 An Eulerian angle is the graph which verified the existence of the extremal value 
of the 3rd function in the resonator type SAW device using the field internal-version ST cut 
quartz plate in (0 degree, 113-135 degrees, ** (40-49 degrees)). 

[Drawing 6l An Eulerian angle is the graph which verified the existence of the extremal value 
of the 3rd function in the resonator type SAW device using the field internal-version ST cut 
quartz plate in (0 degree, 113- 135 degrees, ** (40 49 degrees)). 

[Drawing 7l An Eulerian angle is the graph which verified the existence of the extremal value 
of the 3rd function in the resonator type SAW device using the field internal-version ST cut 
quartz plate in (0 degree, 113- 135 degrees, ** (40-49 degrees)). 

[Drawing 81 An Eulerian angle is the graph which verified the existence of the extremal value 
of the 3rd function in the resonator type SAW device using the field internal-version ST cut 
quartz plate in (0 degree, 113-135 degrees, ** (40-49 degrees)). 

[Drawing 9l An Eulerian angle is the graph which verified the existence of the extremal value 
of the 3rd function in the transversal type SAW filter using the field internal-version ST cut 
quartz plate in (0 degree, 113- 135 degrees, ** (40 49 degrees)). 

[Drawing 101 An Eulerian angle is the graph which verified the existence of the extremal 
value of the 3rd function in the transversal type SAW filter using the field internal version ST 
cut quartz plate in (0 degree, 113-135 degrees, ** (40 49 degrees)). 

[Drawing 111 An Eulerian angle is the graph which verified the existence of the extremal 
value of the 3rd function in the transversal type SAW filter using the field internal-version ST 
cut quartz plate in (0 degree, 113-135 degrees, ** (40 49 degrees)). 

[Drawing 121 An Eulerian angle is the graph which verified the existence of the extremal 
value of the 3rd function in the transversal type SAW filter using the field internal version ST 
cut quartz plate in (0 degree, 113-135 degrees, ** (40 49 degrees)). 

[Drawing 131 It is explanatory drawing of the tuning of the temperature characteristic of the 
3rd function. 

[Drawing 141 The conventional Eulerian angle is drawing showing the temperature 
characteristic of the ST cut resonator type SAW device of (0 degree, 123 degrees, 0 degree). 
[Drawing 151 It is theta= 123 degrees concerning the gestalt of operation, and is drawing 
showing the temperature characteristic of a field internal-version ST cut resonator type SAW 
device at the time of H/lambda =0.05 and eta= 0.4. 

[Drawing 16l It is theta= 123 degrees concerning the gestalt of operation, and is drawing 
showing the temperature characteristic of a field internal-version ST cut resonator type SAW 
device at the time of H/lambda =0.05 and eta= 0.3. 



[Drawing 171 It is theta= 123 degrees concerning the gestalt of operation, and is drawing 
showing the temperature characteristic of a field internal-version ST cut resonator type SAW 
device at the time of H/lambda =0.05 and eta= 0.5. 

[Drawing 18l H/lambda concerning the gestalt of operation = it is drawing showing the 
relation between theta in the -40-+85 degree C temperature requirement of a field 
internal-version ST cut resonator type SAW device at the time of 0.03 and eta= 0.4**0.1, and 
the maximum of frequency strange mechanical-moment width of face. 

[Drawing 191 H/lambda concerning the gestalt of operation = it is drawing showing the 
relation between theta in the -40-+85 degree C temperature requirement of a field 
internal-version ST cut resonator type SAW device at the time of 0.03 and eta= 0.5**0.1, and 
the maximum of frequency strange mechanical-moment width of face. 

[Drawing 201 H/lambda concerning the gestalt of operation = it is drawing showing the 
relation between theta in the -40-+85 degree C temperature requirement of a field 
internal-version ST cut resonator type SAW device at the time of 0.04 and eta= 0.4**0.1, and 
the maximum of frequency strange mechanical-moment width of face. 

[Drawing 21] H/lambda concerning the gestalt of operation = it is drawing showing the 
relation between theta in the -40 +85 degree C temperature requirement of a field 
internal-version ST cut resonator type SAW device at the time of 0.04 and eta= 0.5**0.1, and 
the maximum of frequency strange mechanical-moment width of face. 

[Drawing 22l H/lambda concerning the gestalt of operation = it is drawing showing the 
relation between theta in the -40-1-85 degree C temperature requirement of a field 
internal-version ST cut resonator type SAW device at the time of 0.05 and eta= 0.4**0.1, and 
the maximum of frequency strange mechanical-moment width of face. 

[Drawing 23l H/lambda concerning the gestalt of operation = it is drawing showing the 
relation between theta in the -40+85-degree C temperature requirement of a field 
internal-version ST cut resonator type SAW device at the time of 0.05 and eta= 0.5**0.1, and 
the maximum of frequency strange mechanical- moment width of face. 
[Description of Notations] 

1 [ ... Field internal-version ST cut surface acoustic wave equipment, 4 / ... The hatching 
section, 5 / ... Hatching section ] ST cut quartz plate, 2 ... A crystal Z disc, 3 
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[0 0 2 5] 04 1 0(1^7-^1 (0° , 0, 

Ifi^t5«fi^5 0$:S5^, Bl0-ef±* = 4 
3. 7° Xfc^^U a4ttt* = 42. 7° fc 1 

*/hS<io-cv^o HP*>* «ffidSfc5-tJcJ:t), El 

fit) ttt51«««S:aolt5itttSfi-eft4<ft 
5 0 ^r^EI3CQ^^^>^5(^t5ia(Z)</>Sr 

1\ -4 0-+ 8 5°c(oummmxmm i<< 

[0 0 2 6] H5*V*LH7, E]8 tCte^-f (0 



0 , 1 1 7° , 0) , (0° , 1 2 9° , 0) , (0 

^^»5tfje*Six5*©|SHrt«»t-CH:-4 0 — + 8 
10 5lC(Da«tiSH-C«« (ffi*tt)KH:S/M) ST^rt* 
5 fi«*H*Sr JLo it 5 r. £ -Cttfc < ft 6 * , ^ y 

tf, -40-+8 S'CWSKflBffl-Cfflfi (S*:Htt b< 

[0 0 2 7] rcoj: 5fc±5fiUfc*>T 5— A^«iHtc*5 
MS#tt^-4 0— + 8 5*C<D«|fla6Hl£*5^T 

20 /MRfcflix.5wi:3SS-e#5o i~ftt>^EI l 3 (1) tc^ 
-TJ: 9 tc, g 3 (^/n j/f y ^S4 icASSfi^Ss aw 

9W*t?h:, m&Mm*&mummm (-40-+8 

5°C) <Of5ff**(^a« (2 5°C) iC— SSitT^S 

RH (1) fc*sv^Tf±J«jft*«)il*«Hta J 3ftBH* 
-e***t5fc», Otj£aK«rS«£: Ufcajft**»*H: 

30 [00281013(1) tt*->f 5— (0° , 12 
3° , 4 3° ) (^ffirtiaKS 7 b*f 0 fi5:tt5# 
SI^-SSAWt*^ ^<Z>a«fl*ttSr*LT*3 9, El 1 4 
fc^Lfc:*--* (0° , 12 3° , 0° ) Xfo& 

m&<DST*y h(ow&\zktmi<x, m&m&wi&m* 
w^^^oTi^aSttffifflastSffl^^fS^^T^fos 

2 5lCi:iot^5o r©ffljSa**r»»i-5i»*rfT 
^r^aot, J:9ttffiaftfiH"C^>MttRXIbM 

[0029] srtlniteST^^ b7Kift«tt3&l?g»tf>a 

««H*-e*>5*>e>, a««Htft3»*rasfi/Ria opiate* 

*«r#5wi:#T?*5. BH (1) o«*d^«*a* 
S:fia«KS/7 hS*SlcH:, IlM IDTtt©R 
J¥H5rISfi-r6r irfcioTHmx^, PE1 (2) tc^ 

-r^tc, mmmm.H*m<isxmmttH/i*:*:%< 
■r^>z tic j; 5,isj{safl[Srisa»ci/7 hs-^-caa 
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(6) 



9 

Pia (3) ^7^i~J: 9 Id, Z' ttS;fr9<£>artlHlte 
^</,£</, = 4 3. 0° a*&* = 43. 1° iri-^r iriC 

T% roiHEte*SrlRlH (4) tC7?:-r 0 
[0 0 3 0] #H«***KflRK:*SKo 

5 0 ztoitibs mm&mc&wz^z-Zv («««/« 

HzWEi-eKiftiftSi:, -4 o-+8 5°c^ru* 
|5BB^*3Jt5fflSt*©*»**B* s l 0 o P pmJ^rtcot 

[0 0 3 1] Mtli, tf-Y 7-ftfl* U, 0, 0) fc L 
fct%\C, <j, = 0° , 0 = 12 3° T*ot, WWfcH 
/X = 0. 05, 77=0. 4(Dffirt[HlteST^ !X hTKS 
«1 tffl^fcftfi^SS AWf^^©^ -40- 

*s#?,tus«t5tcW«E-rsfci:fc»c % 2 5°C?>ji]&Sfc£ 

[0032] rat*->f9— a, mcmm&x 

5i> 01 6fc*Lfc±5lc, mft&XMiM£39 0p 

0. 5'£fcofc»ft\ I^D^-Y^-ft, l3CIKffit"efo 
ott), JHttV&ttMRa'H 1 7\Z7FLfr£?\ci 3 4 
ppmiftoTLS5 (fcfcl, HI 7IC*3Vvrtt, + 

fc^ot, MftKXfiii^l 0 0 p pmHrtt46 J: 
9^, 77 = 0. 4 ilS:£Lfci: Itt, Sffi*B^«[^± 
lc*5*t5tf bo^ofcft, A&ftXlblMdS 1 0 0 p p 

[0 0 3 3] *r"C, «*W*i:SI» 

kitLtz. mmmcnmmm^±ctctLxh, -40 

-+ 8 5 0 C^MStSffl{c^tt6Plft©:^®]»s^ 1 0 0 
p pmKrtift^SrtlelteST^^ h*MSAWr 
y^^^f btt^7Ks e H «^^ s/ hftSr*^*:Lfco 01 
8fc^U22 3tt\ t>f7-ft©0 i«SBtfltit (H/ 



/0 

Witt, 7j^±o. i*ttLfcSg^«jft*aElbMwft*: 

fcx.liH 1 5fcl*LH 1 7tf), 0 = 123° , H/A = 
0. 05, 7j = 0. 4±0. lfcjSV^C, JHttftXttS 

«3»**fc4SHi 7 (77=0. 5) 0Attft£lbM 

ft*«Sfflrt-C4>5o Sfc* ^-Ffwalfrfrfcfc* 2 5°Ctc 
■*3lt5JBjft**Si|Sfc U -4 0-+8 5tOfiS.I5i 

10 [0 0 3 4] il8(t H/ 1 = 0. 03, 77=0. 4 
±0. l«^t*)6o ^(7)^, 0 = 123-134 
° 0«lCi5^'C, JHJ£»3Eft*««r 1 0 0 p pmHT 
6. Sfc* H19fi, H/A = 0. 0 
3 , 77=0. 5 ± 0. l^I^fcot, 0=125- 

131° (om-enftftXAM&isSi 0 0 P P mj^ 

[0 0 3 5] El 2 0 tt, H/ A = 0 . 04, tj=0. 4 
±0. 1 ©*&-t»*>5 0 r.cD^, 0 = 124—134 
0 ©«SBBtfJa»SfC*»*«S:l 0 0 p 
20 fcjaS"tf#5o ^LT* B2 1 tC^LfcH/A = 0. 0 
4, 77=0. 5±0. 1 C0^^{C*3t>Ttt, 0 = 12 5 
- 1 2 9° ©«H«c*3V>T«jft»c3E«i**BS: 1 0 0 P p 

/ 1 = 0 . 05, 77=0. 4 ± 0. 1(^4&^IC*5V^T 
tt, 0 = 1 2 4-1 3 4° ©fSHKt3l^-CfflR**»* 
(BSrl 0 0 p pmEJLTfc"t*5wtas-e#5 0 *fc, 02 
3CDH/1 = 0. 05, 77 = 0. 5±0. 1 <7>4§^\ 0 

= 1 2 5-1 2 8° o«H^*5^-CJBi6»*«i**BS:i 

0 0 P pmEiTt-rSwtas-esSo 

30 [0 0 3 6] LTt^oT, rtt6>©fe*^b, 0 = 12 
5-12 8° tf>fl6HT?S>tUi* 77 = 0. 3&^L0. 6 

ftLfc4§^C*5^Tfc, -4 0-+8 5t^)l*«lfc 
*5t^T«»ft*»l:«S:l 0 0 P pmHTttS^i* 

S (WM3 0 0MHZ, 6 0 0MHz?) tC*5l^T 

[0 0 3 7] 

40 >f 5— ft ?$S (0° , 113-135° , ± (40 — 49 
-ftcDtSffl^rlS^U, 3ES^*t>9»ca«Wtt«rEl<ES 

so [g]DiCO^*ft|ft0J] 
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[02] z' tcErtiateSii-fcsT* * 

[13] W7-ft4S (0° , 113-135°, ± 
(4 0-4 9° ) ) iCfo^SrtlHlteST^ y b*f H tRM 

# aft BfclKffl Sr*t^7 7"Cfc5 0 
[12)4] t^7-ft^ (0° , 113-135° , + 
(4 0-4 9° ) ) liCfo&mft^mSTZt y hTkfttKS: 

[0 5] ^^-^^ (o° , 113-135° , ± 
(4 0-4 9° ) ) \£3bZmftmlfcST* v hfc&tiO: 

*0)**Sr*BE L fc ^ 9 7 -C fc 5 0 
[El 6] ft*S (0° , 113-135° , + 

(4 0-4 9° ) ) icfc^iartlelteST^ y b*fttES: 

ffl^fc^iSAWf^^tfe^t, 3 2fcBB»tf)ffi 

IB 7] t>f7-ft«S (0° , 113-135°, ± 
(4 0-4 9° ) ) (ufe5Irt0KST^ * hTjcSffi*- 

[1218] t>f7-ft^ (o° , 113-135° , ± 
(4 0-4 9° ) ) (Cfc^^rtlHlteST^ y hfrghfa* 

[19] t-f7-A^ (0° , 113—135°, + 
(4 0-4 9° ) ) JC*>5ffirtE(EST*y h*ft«Sr 
fflt^c h 5 y^^-t4/lS AW7 ^ /U* ttS^T, 3 

[[2110] t^7^^ (0° , 113-135°, 
± (4 0-4 9° ) ) tCfc^ffirtlHlteST^^ h7K 0 B B« 
£/B V ^fc h 7 S AW7 >f /l^ f-^o^X, 

3 2kM*W«fi^«f*«!ELfc^7 7-e*)5 0 

[[2111] ^7—^^(0°, 113—135°, 
± (4 0-4 9° ) ) \Ch&mft®&$TZ> y b&ghfc 
SrJBv^fc b 9 S AW7 ^ /u* tc^x, 

3 ftHfta«tt0#ft«r4*EE U^77t*5 0 

[[2112] t^7-^^ (0° , 113-135°, 
± (40-4 9° ) ) {ZhZmft^tBSTX y 
Srffl^fc h 5 UvMS S AW7 ^ /U* M*5^T, 

3ftH»<Z>«fi<0#«IS:«IBEL,fc^9 7"CS)5 0 

[i2i 1 3 ] 3 fcmm<Dum¥f&<DMmftM<Dmwmx* 



(7) 

[[2114] Se*©*>f9— (0° , 1 2 3° , 0 
° ) (DSTXy h*fifISAWf/W^©fi«»ttS: 

[12115] Hft(OW:#^0 = 12 3° XfeoX, 
H/^ = 0. 05, 77=0. 4 ffirtlnlteST 

#:y h#a^sAw^-r^©afie«fttsr*i-Bi"c* 

So 

[12116] Wb<DJ&mz»Z> e = 1 2 3° XfcoX, 
io W/X = 0, 05, 77=0. 3cD£^(7), IrtdlteST 
FftiflSAWfV^^^^tt^^titfo 

[[2117] 38tt©»«fc«66 = l 2 3° XfooX, 
H/A = 0. 05, tj = 0. 5<D£^<7), Irt0feST 
#;y b*ST-SSAWf/^^^MS#tt^^tEltfo 

<5o 

[[2ii8] mmmm^&ZH/ x = o. 03, u = 

0. 4 + 0. KOt§©, irtilsST^i/hSfi^i 

sawt^^<^-4 o— + 8 5X>(Dm.m^m\z.&vz> 

[[2119] Hm(7)ff5«i{C«5H/l = 0. 0 3, t? = 
0. 5±0. l<D<h#<Z\ IrtefiST^j/ 
SAWr^^^)-4 0— + 8 5t;<7)ffi£*&ffli£*Stt5 

[[212 0] mM<DMMfcUZ>H/X = 0. 0 4, 77 = 
0. 4±0. 1 O^^CO, i«ST^ 5/ 
SAWf/^^O-4 0— 4- 8 S'C^fflSffiffllCfcttS 

[1212 1] ao»it«5H/A = 0. 0 4, 77 = 
30 0. 5 ± 0. 1(^»^#^ Irt@KST^^h*I?i 
SAWr^^CO-4 0- + 8 StJ^jftftttfflfcdoltS 

[[212 2] m&<DJffl&\C&&H/X = 0. 0 5, 77 = 
0. 4 + 0. 10<5r#(^ > S«ST*^ hftfiiF-S 
SAWf/W^O-4 0-+ 8 5°C^SiSH^:&tf 5 

[1212 3] **©}gl||C«5H/A = 0. 0 5 , 77 = 

0. 5 + 0. 10^^^, srtmesT^^h*^ 

SAW7>^^0-4 0— + 8 5t:<Z)jafl[<6fflfc*5lt5 

1 ST^^hTkM, 2 *ftZ*u 3 

-Irt[ilgST^^h#ftiIffi, 4 

5 ^y^ffUo 
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